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PATENT 

Attorney Docket No. 1 6869G-088 1 OOUS 
Client Reference No. 340300155 

METHOD FOR COMPENSATING TIMING TO START DATA 
RECORDING AND MAGNETIC DISK DEVICE USING SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
(OOOIJ This application claims priority to Japanese Application No. 2003-085870, filed March 
26, 2003, the entire disclosure of which is incorporated by reference for all purposes. 

BACKGROUND OF THE INVENTION 
[0002] The present invention relates generally to magnetic disk devices having separate heads 
for writing (recording) and reading (reproducing) data, and more specifically to compensating 
timing for starting writing to account for different distances between the heads. 

[0003] FIG. 4 is a diagram showing how the data is typically written and read in a 
conventional magnetic disk device 1 in which data sectors (minimum addressable units for 
writing and reading) are arcs formed at specified positions on concentric circles (tracks). Servo 
signals 1 1 are written on the magnetic disk 1 in advance and are spaced uniformly in the rotation 
direction and include information in the radial direction. When the data is written and read in a 
specified data sector 12, a magnetic head 2 is first positioned with respect to the radial direction 
of the magnetic disk 1 by moving a rotation system support arm (not shown), to which the 
magnetic head 2 is attached, based on the information of the servo signals 1 1. 

10004] Next, a commanded position in the rotation direction on the disk is determined with 
reference to any signal identifying a specific physical position on the disk such as, for example, 
the end of the servo signals 1 1 . Clocks and the like provide timing signals that are used to 
establish the waiting time T until the magnetic disk 1 is rotated so that a magnetic head 3 is 
positioned at the top of one of the data sectors. Typically, there are several data sectors between 
the servo signals 1 1 . When the magnetic disk has rotated the correct distance, a write gate or a 
read gate is asserted. 

[0005] When the write gate is asserted, a write current flows through the magnetic head 3 so 
that a signal is converted by the magnetic head 3 into magnetic information and written on the 
magnetic disk 1 . On the other hand, when the read gate is asserted, the magnetic information on 
the magnetic disk 1 is converted into electric information by the magnetic head 3 and, then, the 
data is sent to a host through circuits such as an amplifier. 



HOST No. 340300155 



1 



20 



25 



30 



100061 As described above, physical positions on the magnetic disk must be determined in 
omer to assen the write gate and the «ad gate and. then, the si^ls to det«„i„e the physical 
posmons on die magnetic disk should be det«™ined based on the servo signals read from fl,e 
read head. FIG. 5 shows a deviation in timing between the write head and the read head in the 
5 pnor art wherein, in a magnetic disk device in which the write head and the read head are 

provided separately and the data is written and ..ad by both heads as shown in FIG. 5 in the case 
where the wnte head 2b is apart from the read head 2a by a distance L m the backward direction 
When a du^tlon equivalent ,„ the waiting time T has elapsed fiom fl,e reference position defined' 
by the servo si^al d.e redhead 2a is placed at the top of fl,e data sector 12 but the write 
head2b,splacednotatthetopoftheda,asect„rl2butatthep,ecedingsec,or. Therefore ifthe 
wnte gate is asserted to start writing at this dming, flre data on fl,e preceding sector would be 
overwritten. Fmflter, if fl,e data is written on 4e dam sector disposed just after the servo sip^l 
the servo signal may also be overwritten. 

(00071 When the data is written using such magnetic heads, tire write gate must be asserted to 
wnte tire data after tire magnetic disk has rotated a sufiScient amount so that the write head is 
positioned a, the top of ti,. desi^ data sector as tire magnetic disk rotates. This time gap TG 
dq»nds on a head gap distance L of tire write head and ^ head as well as a relative speed 
V betiveen tire magnetic disk and the magnetic heads. Therefore, in a magnetic disk device in 
whrch the magnetic disk rotates with a unifom, speed, as tite relative speed v between the 
ma^etic disk and tire magnetic heads varies according to Ure radial position on tire magnetic 
d.sk, the time gap TG must be compensated accordmg to tire radial position and a measure 
agamst tire variation of tire relative speed accoMing to tire radial position has been proposed (see 
Japanese Patent Laid-open Hei 6-176486). 

[00081 Further, as tire prior art, a concept in tirat values of tire time gap TG resulted from tire 
head gap distances L that vary ftom one head to anotirer are measured to compensate tire time 
gap TG for each head has been proposed (see Japanese Patent LaidK,p«, Hei 09-1 15124). 
[00091 1, titis comrection. generally speaking, in the magnetic drd. devices, as tire head gap 
distance L is a value unique to each head and may vary i„ some extent due to manuftctirring 
.^ons ti,e time gap TG ,„ be compensated may vary from one head to anotirer. Further, based 
on tire fact tirat it is difficult to measure tire head gap distarKe L for each as tire head gap 
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*^ce L ,s replaced by a ^:.e„««ve value and o„,y fl.e variation due .0 tt,e „,a«ve speed v 
^.ween Uae ™a^e«c di* and «,e „a8„e«c head. . „.ed. the head-.o-head variaL 0, 
tt^e time gap TO .s acconmodaW by providing redmKlaney in the fonna, of ,he data sectors as 
*;™-"')»f"0-(or.™respeci«ca,,y,byaddingareasA,BandCassb„w„„J^^ 
5 wb.ch™ub.describedi„de«i„a,er). Here. i„s .0 be noted rba. F,G. 6 is a diagn» for 
descrtbu-g «,e fonnat wbe„ the variation of «.e gap between ^ ™„ ^ ^ ^ ^ ^ . 
not compensated. 

IZLb,'^'?" "'"^ ^''"'^ ^"''-^ ~« o« 

P«amb.e at^ for compensating deviations in frequency and pl.se between writing and 
^g; a S^c area for indicating the top of the data; and a Data area including infonnation to 
be wntte. However, the fonnat sho™ in FIO. 6 teher includes fl,e extra areas A. B, and C for 
accommodating the variation of the time gap TG. 

(0011) Tlae areas A and B are needed so as to prevent fonvard and baclcwan, sectors from 
berng overwritten due ,0 variation of the time gap TO. As described above, the write gate 

be asserted when the write head 2b is positioned at the top of the data sector 12. However 
2 fl.e Phys.cal positions on the magnetic disk can be detennined by the servo signals read ' 

2uSht^ereadbead2a.d,ep„sitionalre,aU„nshipbetween.he..adhead2aandthemagnetic 
^kc^be 10,0™ accurately but thedetern^ationof^^ 

■nevitably depend on die setting of the time gap TG. 

100121 Therefore, if fte write operation is perfonned wifl. a uniform time gap T<3 without 
compensating the head-.o-head variation, dre write gate will be asserted with unifc™ timing 
regardless of the head gap distance. At this time, if the data is written on flre data sector 12 
havmg an identical address by the head having a head gap distance L larger than the design 

va^uct^edata may be written ataphysicalpositiontha. is of&e, forward from the position 
Whet, fte data ought .0 be written as shown in (2) of FIG. 6 and, therefore, the data on the 

P-edtngsect^maybeoverwritten. H-e area A is necessary .0 p.ven, this problem or in 

o^^wor^anareawherethedataisnot written mustbeprovided in theforwardofthedata 
e«or so as to compensate the forward offiet of the write position due to the variation of the 
head gap distance. 
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^0 I Sunuarly. .f u,e da« is wri«e„ by fl,e bead baving a bead gap distanee L smaller fta„ 

fte posmon wbere fl,e da« „„gb. to be ™„«, as shown i„ (3) „f F,o. 6, in order no. ,o 
overate «,e data „„ fl,e subsequent sector. «,e area B wbere fte data is no, written ™„st be 
provtded n, tbe backward of fl,e data so as to compensate the backward oi&e. of the writo 
position due to tbe variation of the head gap distance. 

10014, Ond,eotherband.a,ea«aCisneededwhen,hedataisread. Typically, the read 
™«byasse.tingtber«dga.ewbe,eh,,f.,tbedev,at,o„sin^^^^^^ 

^^n,tbedataaswri,tenareco..e«edbyaPaci™it. T^s correction is perfoL in the 
Preamble a«a a„4 generally speaking, a constant periodic patten,, which is ready to be 
™ is ™„e„ on ,he Preamble are. Then, U,e Sync patte. U.t indicates «.e top of fl,e 
2.a™edand,iftheSy„cpa.ternisfound.thedataatoa,eSyncpatto™i^^ 

lOOlSI It is possible to htow a,e physical position of ,he read head 2a on the magnedc disk 

an.«,^fo.,ereadga,ecanbeasser.edacc„ra,e,ya,.e,opof«,eda.asectorZtl 
Phystcal p„s,non where .he data is written n,ay be oflse. forwaM or backward due to the 

read from tt.e da. wim differed timings depending on me variation of ti,e bead gaTdis.ance A. 

^.stime,,fti,ePrea„b,earea. Which isnecessa,ytocorrec.ti,edeviations^ 

^e^ngtoasse„ti«„adgatobyti»PLLcircui.,canno.beob..„ed,.hedevia.ionsin ' 
phase eanno, be conectod sufficiently and ti,e subse,uen. Sync area and fte da« canno. be read 

a«ura..yan,.herefo..fl.etimingtoasser.ti,ereadga,ew,,,besynchronizedw.Zt^ 
hav,„gd.e,arges.headgapdis.anceby Which ti.eda..wri..na.«.en,os.forwaMp!:ir 
100.6, However, when fl,e read gate is asser.ed witi, sucb timing, if.be bead has a smaller 

^^d.spti,ewri.to„aa.is„«,e,backwa,.a„,,berefore,nosig„als.,ew,ll continue 
fbrace,^„meper,odaf,er«,e,eadga.e,sasser.ed. h„he si„,a.ion where d.e deviations in ' 

P^andti.,.eisc„nec«byti,ePLLcircui.a«er«,ereadga.eisasseried.ti,eo^^^^^^ 
* PU. cucu,. may be uns.ble and .he s„bse,uen. correction may be impossible if le no 

wntten ,n the Preamble area must be written over the entire area C. 
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(00 7) A^*er=aretf,eseredu.da„.area.mfl„f„™,a.show„taFIG.6,ap„,tio„teca„b. 
med effeccvdy as data a«a is reduo«i or. in ote worfs, fl,e formatting efficiency is 
educed and, flaerefo... the wdte density must be inceased in orier to achieve the theoretical 
data storage capacity of the entire magnedc dislc device. 

5 100181 I" Japanese Patent Uid-open Hei 6-176486 described above. fl,ough the time gap TO 
corresponding to the head gap distance L between fl.e ™te head and the read head is 

compensated acconiing tote radial position on fl.e magnetic disk, it is not oon.empja.ed to 
compensate die head-to-head dijference of flie head gap distance L. 

100191 O"theod,erhand.inJapane^PatentLaid.openH.i09.115124desc,ibedabovea 
.0 concept in to. d,e head.,o.he«i difference of the head gap distance L is compensated so ai to 
ehmmate the redundant ateas (fte areas A. B and C) described above and increase the fomtatting 
efficency is ptoposed at least, wherem the «me gap is measut^i by employing an unwri^Me 
a«a (a sphce) created due to d« delay after the write gate is asserted until me write amphfler 
ou^utsthewitecurrent However, in this measuring method, the splice may greaUy depend on 
15 chatactenstics of the write amplifier and the length and other properties of a,e splice may vary 
aocordmg to circumstances, i, is vety difficuK to detect fl>e position of the splice. 

SUMMARY OF THE INVENTION 
[00201 nepresentinventionprovides techniques, especially applicable in disk devices having 

20 .7™" "~ ^ "^^'^ between 

the ™,te head and read head. This can provide mcreased utilization of the potentially writeable 
area of the disk, i.e., improve fonnatting efSciency. 

I002II In sho,^ this is accomplished by writing a p.«ietem,med pattern, reading the pattern 
and usmg a tuning relationship between fl,e time of writing the pattern and the rime of reading 

ftepatten-todetenninetheheadgapdistance. H-ereafter, this knowledge is used to se, fl,e 
^5 proper timing ofthe write gate. 

(0022J m one aspect, the present invention ptovides a magnetic disk device tot has an 
unproved formatting efficiency and to, can stot. a large amount of data by measuring a 
vanation of a time gap TO .esulting flom a variation of a head gap distance be.ween a write head 
and a read head accurately and compensa,tag tiae timing of a write gate when data is writien on a 
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-^e..c d,sfc ,„ a head-..head ^er so as « ™« fte da« a. a desired ph^ical position 
regardless of me variation of fte he«l gap distace. In speeific embodiments. *e meftod 

acqmresanme gap for compensatingtimingto star, ™ting and reading for eaohroclc number 
and oompensa^s fl.e timing „ s« fl,e da,a writing by changing i. f„r each BaC number based 
5 on the time gap for each track number. 

10023, ^-°*eraspec,,hei„ve„ti„np™videsameth„dfore„mpe„satingtimingti,sti>r,da« 
wnnng m a mapetic disk device having one or more ma^etic heads, each magnetic head 
tavmg a write head and a read head with a head gap distance d,e,.between, the method 
comprising measuring ti,e head gap distance in each of ti,e one or more magnetic heads by 
wnting and reading a pr^etermined unique patiem. and compensating the timing to start tite 
data wnting by changing tite timing based on a time gap that corresponds to ti>e measured head 
gap distance in each of the one or more magnetic heads. 

100241 m another aspect, (be invention provides a meflwd of establishing timing of write 
op^ations where the mefl,«, is used wiU, a magnetic disk device having a rotatab.e magnetic 
dtsk and a ma^etic head, the magnetic head having sepan.,e write and read heads witi, a head 
^Pd^ce ti^e^oen. According to ti,is aspect, ti.e meU,od comprises a, a known ft. time 

mt^.afterthe^dheaddetectsa,.ferencepat.en.onti.emagnoticdis....ingti.e™i.ehead 
2wnea„,dc„t.fiab,cpredetc™tinedpa.temonti.emag„eticdisk,usingthe,.dheadti,detec. 

20 T, T '^"^ '"^"^ ^ » <^ i"— between 

20 <^--Bti,ereferencepatten,andde.ec«ngthep,ede.n„i„cdpattern.de.ermini„ginf 

.^gtotiteheadgapdiS^cebasedatieastinpanonthefetand second time intervals 
and s»n„g the mf„»ati„n .elating ,„ ti.e head gap difference for use in establishing ti>e timing 
ofsubsequent write operations. ^ 

25 Tr ""^ '-^""-"O" - -luetic disk 

^o*erem bod.men.s,theprede^inedpa,ter„i.aSyncpat,en,indicatingthet„pof.heda.a 
to otiter ^bodtments. dete™ining the second time bterval comprises establishing a read 

wmdow aving a duration substantially e,ua, to fl,e dumtion of the pred«cm,m^ pattern 
^gthe magnetic diskduringti^e window inte^alwhileprcventmgreadingduringtime 

pattern ,sw.tiund,e Window. If*epredetennined patten, is not within ti,e window, the window 
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.n .he w,„d„„. and fl,e window posi«on a, which pred«en„i„ed pa„cn, is fo^ in U,e 
w.ndow,s used to determine the second time interval. 

[0026, h another aspect, the invention provides citcuitry for use wifl, a magnetic dislc device 
5 h v,„, a ma^etic head with a write head and a read head, where the magnetiThead is 

Characterized by a head gap distance between «,e write he^ and the r^ head. The cit^it^ 
-P^^s—entcircnitr, 

^ ned um^e pattern wi«, the nugnetic head, a memory that sto.s a .,me gap that 

"-'"-^'O'^ehe^gapdis.ancemeasnredb.saidmeas.ringmeans.andhcadgap 
compen^tton circuitry flut compensates timmg to stari writing based on said time ^p that is 
read out from said memory. gap mat is 

^0271 b some embodiments, the unique pattern is a Sync patten, mdicating the top of the 
« Stan f„, ^ g 

™gnehchea^,,eachcharac.eri^,,arespectiveheadgapdi^^^^^ 

«*of the piuraltty of magnetic heads bywriting and readingtespechveprede^eduni^pue 

pa«en,sw,.hthep,u.„^ofmagneticheads,«,emem„,ystoresap,„ra,i;oftimerZ 
or^^onds.othep,ura,i.ofheadgapdi.tancesmeasu^ 

he head gap compensation circuitry compensates timing to star, writing for each magn* hel 
basedonthet.megapfortha,headthatis,eadou.fe,m.hememo,y. '"'^^'^'^ 

dtslc a wnte head for wntmg data on the magnetic, a write cimri, for modulating the data 1 

suppl.ngawritec™to.hewritehe«,areadheadfor.eadhrg.hedata^^^^^^ 
d. k. a read c„cm. for amp.i^g a„, demodulating a read signal provided by the .ad h^ 

^^.^^.tmgc^tforgeneratingareadgateandawritegatethatdeteJne I 

2--*edata.apat.emge„e.tingci..itf„rge„eratingapatte. that ,s used fort^ell^ 
^^pd,s.ance,agapmeasuri„gcircui.formeasuringtheheadgap.^^^ 

ao,un«.bywnt,nga„dreadmgthepa.ten,,amemo.yf„rs.„ringatimegapTGcorrespondr 
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^ the head gap distance, so .eas^ed, and a gap oompcattng ci^i^ „„p,ea „ ^ ^^^^ 
for compensat^g Uae «™i„g „f ^ ^ „„ ^ ^ 

"'^'°^""""''°<'™'"'^"f*^''-»'"v»t,„n,byadju^^^ 
» s«„^n„g da.a on a head-by-head basis, a. able .o compensate ^ ,i„e gap TG ^u, J 

5 *»"*=-«aP<'i-cebe.eend,ewrttehead»d«.e.eadheadonahea!;y-bead^^^^^ 
Th,s can be exploited to a„ow the data to be written at desi.d physical positions tegat^ess of 
*e vanattons of the head gap distance and. fl.e,efo.. in^^ve the f„tn,a,ting efficily. 

W A teher understanding of the nature and advantages of the present invention n«y be 
realtzed by teference to the remaining portions of the specification and the d„.wings. 

' 81*JEF DESCRIPTION OF THE DRAWINGS 

10031, FIG. 1 -^*aS-m for describingan oven,, configuration and features ofamagnetic 
« devce according to an embodiment of the present mvention; 

tOM2| FIG 2 is a diagr™ for describing features for compensating deviations in timmg 
between a wnte head and a read head accotding to this embodiment; 

10033, FIG. 3 is a diagram showing aspects of the timing to start the writing when dae head 

10034, FIG. 4 is a diagtam showfag how the data is written and read typically in a 
conventional magnetic disk device; 

ZlJl' ' ' ' ""'"^ -ead and the 

reaa nead in the pnor art; and 

IO03q m. 6 is a diagnm, for describing the f„m.at when the variafion of the gap between fl,e 
wnte head and the read head is not compensated. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
(0037, Hereinafter, a method for compensating timing ,„ start data writing and a magnetic disk 
2v.c=us.g«.esameacc„,ding.oan«nbodimentofthep,esentinvention„^ 
deta,lw,threfe,.ncetoFIGS. ,2.and, FIG. I is a diagram for describhrg an ovetall 
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^nfig^..,o„ ana fean.es „,«,e ™g„e«o « device ^ ^ ^^bodtaen. of U,e 

~en«„,PI0.2.adias^f„.descHbin«fean«sf„.co™pen.,i„,dev.^^^^^ 
mmng benveen a ™,e head and a .ead head according u, ftis embodiment and FIG 3 is a 

2^ of *e H^ing .0 ^ ,he writing when *e head gap distance benveen 

[00381 hFIG. '.a^">agne«cdiskdevicea^ordhg,oftcembodimen,ofaep,esen. 

ZIT "r:" ' ™" " """"^ ^ " <«* ' • ^ "ri'^ 22 for 

m<^«.a«ng d,e da.a and supplying a write cnt.„, to the write he^ 2b. a read head 2a for 

-*.gfl.edataftomthen,agneticdisk ,.a„adcircuit2, for amplifying and den,odn.a«ng a 

» -''^■«"''~''y*er.dhead2a,agatege„e«.i„gc..„,.23forgene,«inga,e«.;te 
^dawntegatethatdete^^inetimingto Write and read theaa.a.agapcompensati^geirc„i^: 

^r^m^anngattmegapTObetweenthewri^ngandthereadingtesuitingftomaheadgap 
d,^ce,ap.e™generatmgc.rctUt25forgenerath,gawritepa^ 

*2^gapd.stance,agapmeas,.ringci,™i.26f„rmeas.tring.heheadgapdis^ 

.^.ac<,u,,edby..ding.hewritepa,tern,acontroUer27forco„,ro,,i„gcomma^^^ 

^dread.„gsen,fiomahos,andamemo.,28forstoringthetimegapTGres„,tedfe.mthe 
head gap distance and Other infonnation. 

c»^es. Tie read head 2a and the write head 2b. which at. apart from each other by a distance L 

u.thero.ho„direc«„„of«,en«g„e«cdi*,.areattachedt„as,.der3soastobem„vZ 
-.etrad,a.posiHon(he.eint*er.efer.edtoasthe.Wr,o„,hema^e.icdisUbya2^ 
s.^s„ppor.arm(„otshow„, Servo signais „ are wntten at regnWhttervais for ;r:g 
the heads .„ the tadtai direction and the data sectors .2 are disposed as the mimmum Its for 

10040, The gate generating circuit 23 generates the gates (the wite gate and the ..ad gate) that 

-*ng ^ the conttoller 27 so as to send the read gate to the write circuit 22 at the time of 

™^ga..tosend«.ereadga.eto.he,eadc.rc„.t2.atthetimeof..d.g,TT.eserv:;Ls 
..areusedasnecessary infonnation forasserthtg-hegatesataccuratepositionswithresprl 
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fl.e ro^Hon di^,i„„ „f a>e ™g„e«c disk ,. T1. »e.o signals ■ 1. which a« ™.,e„ „„ «,e 
™J..cd.sUi„advanceh,ase„„„H.e,™,«.e,i..ea„he.ed.„a«c™i„eph;;^ 

5 me .o^mg has moved fro. the refcnce p„si.i„„ .„ ,he .op of^ data secu,r o„ fl.e 

IS moved will be described later). 

.0 sriH'^T''™'"''^'^"™'''"^"^'^^' " ''-"^*"-"-d 

r, ^*"° ""^ ^' '-^"^ -a* signal and 

demodula^s the servo Signal ,1. A. .his t,n,e, the timing when the servo signal 1, Jis 
detenn,„ed based on 4e .iming when fte address mark signal is de.ec.ed and, a signal u, 
m....eend..mingissen...egateg.^^^^ 

areaoftheservos-gnaln. "n-e gate generating circni. 23 reads from to memory 28 fire .me 
^oddnnngwhich.e^i«onof«.ereadhe.2aor«,ewri.ehead3hre,a.ive"od.eI:g 
^ .smoved^mtoimmediatelyprecedingservosi^an, .o«,e.opp„si.io„oftoda« 

rir:i"r~""'°™^""^"""'-'-.---- which 

Tl ""^ ""^ I--" 2a as Shown in 

FIG. 1, to «me penod dnring which to position of tire read head 2a relative .o to rotating disk 

smovedftomtoimmediatelyprecedingservosign. 11 (for example, to reference X 
■^''■-^»>>ove).oto.op„ftodatasectordiffers4omtotimepeHoddu.ingrh 
2:::r:"""""^""'^--=^ ^-orctotimingtoasserttownCr 

.rehirdT^^r"""^"^ 

o .he head gap d,s.a„ce. TKe .me gap TG dne u. to head gap distimce can be compensate by 

ega.egeneratingcircui.23onlybykeepingintomem„ry23boti, one formatting infral 
forwrrfngthatallowsfortotimeg^TGconespondingtotoheadgapdistanceldaTto 
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fo™a«ing i„fonna.i„„ for reading ^ do« no, allow for fte «me gap TG. ftough this 
embod-men. is characterized in to, to dedicated gap compensating ci™i. 24 is provided. 
I«M3, Tl,e gap compensating circui, 24 receives a reference position signal A indicating an 
ar^ of to servo s.^a, 1 1 generaied by to ,ead circd, 21 and, only a. to time of writing 
5 de^ys ,he reference position signal A by to tito gap TG corre^nding ,o to head gap Lee 
and sends It to the gate seneratini!cim,it7^ a, g<V<"SHince 

g As a consequence, a reference position signals 

fl^t .s recetved by to gate generating citcui, 23 a, to time of writing appears as a si J 
^dtcating a positional relationship between to write head 2b and to magnetic dislc , and 

.0 er^etr\T?''™''''^°'''""'-'""'=*^'^"'*^«""'"«^'-«-''= 
fbm one head or tiack to anotor, to gap compensating circui. 24 is configured to receive 
n-fonnation such as a switching signal to identify wheti.er to operation in question is a write or 

. ;:::::irb:::rg:;r^^ 

writin. h„, v • u wnespondmg to to head gap distance at to time of 

27 : ^"^^ ™ - Of reading 

and tose output stgnals are switched by to switching signal from to contioller 27. 

I0044, By storingtovaluesoftotimegapTG for each head oreach track intomemory 28 
and readmg to cotresponding value of to time gap TG fton, to memory 28 based on to 

— hT't'""'"'""'"'""^"™^ — ^'^^^^ 
head-to-heador ti^k-to-track compensation can be implemented. „owever,avery,arge- 

tiack to another, m to magnetic disk device tot is retated at a constant rotational speed to 

-'S'P^'-^atatiackpositionRcanbeobtamedfiomtotimegapTO.ra 
representativen.ckpositio„R,by„singtoEqua«on,show„belowand,torefore itis 
sumcenttostoreonlytorepresent^vetimegap values foreachheadh,tomemo;y28. 

TG = TG,xR,/R ^^^^^^ 

rgl^"""''''^/"~**''^'*^'™*'''''^«'^™-''«-.oanotherby 

30 :zi^:::rr7r'^"-^'^^''"''^-'--^-'^=<'-bedwiti: 

reference te FIG. 2. Ftrs^ a dati. pattem fi,r measuring to time gap TG is written a. an 
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app.pna.e ..ck p„si«„„. Ti,e data pattern is ^..en i„ a mam-er SM^ 

deft,«, as T, and fte .me gap TG read b, «,e gap compensating circuit 24 ft„„ u,e ZJ2, 
5 ..definedasTO. ™= be a suflicien,,, iarge vaiue so as no. .„ 0.™!!"! 

."fo™a.o„n„,end,eda.patten,isw„tte„. TBe >vH. ga.e is generated b. d,e X ' 
^era„n,^.,3a„dsen...,ew.,ecircui.22a„d.hepatte.genera«ngcirc.!r25and 

■0 ;!:r™'"''"''"^'^'^-'^^^'''^"*»-'^»~^*.*ro.g,.ewH.e 
(0<M«) Tie patt«n gene,«i„g circuit 25 genetates dte pattern for measuring a,e head Ban 

pa«^Ais«.e«pattern.P„.«.er,ifthepa„ernCisno,wHj.,e^~;. 

patternBand..he,e,„re.,.isdesi..b,e,„^.apatten.d.tisdi<rerenta<.tt,d:pattrB. 
[W47I In d,e overall pattern shown in FIG. 2, d,e Pteamble area, the Sync area and the n , 

-»«.e.>.iealpa„ern.edforda.awHtingcanbeco„sidered.d,eprt^IrBrC 
~.«.epatterngene,.tingcircuit25n«,„„.hep„videdsepj^^^^^ 
subsfttttedbyatypicaldatapatterageneratingci^it ''yandmaybe 

25 [0048) As described above, with refetence to FIG 2 in the rf»f,n,„, , 

gapTGliesultedfrnmA.!, A '"•■'•■""'"'^•^P^eni for measuring the time 

gp lOltesultedftom the head gapd,sta„ceL.fl,e patterns A,BandCare written forexamnl. 

a.mt^epcmtofthnetha.is««herde.ayed,^m.herererenceposi,ions,,na,Bw^^^^^^^^ 
*.ayedbythettmegapK>2c^p„„di„gtoasta„d„dle„^hLoftheh^ga 

*e.u„epenodTlu„ti,tbemag„eticheadreachesthet«pofthedatasector.i^,:;rB 
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a „„i,„e pa„e™ ,ha, can be disdng„,^ed 6om other pattens and i, n«y be .„bs«n,«d by d,e 
Sync pattern shown in (1) of FIG. 6. ''"Dsnnitea by the 

*'»^'"ft=8apcon,pensa.,ngcircui,24a„d,j„s.asa.fteflmeof™ting ft. gate .en«.«n. 
^^a B. A„h.„.,.hegapn,ea«.ri„,en^.,,„^^^^,^ 

wavef„™,as.ead. ^l-e gap measuring etai. 26 checks whe«.er fl.e. . .be pa^em B or no in 

^-epatte^aaread. H«e.,hegapn.e.„rtagota,«hasawi„dow,oH™, bettaeZ^^ 

77^*'^P^«-cheo,ca„d,isde.e™i„edt^.,bere.«,epa„e™Bi„d.eparri 
» o-'3'when«.epa«er„B.fo™,d^«„„«.ew,„dow. When .be width of d.e windowT 

eiTrcrr.^"''"r"''*""'''"""^'^^''°™'-™-^.*'«"p-.«ing 

ttm Of read,ng batches *e position of fl,e „i«k,„. a. .his «™e. a toe delay K „p u, d. 
wmdow after Ae read ga.e is asserted is measured. y'^-Ptothe 

10050) •»°*«wo„b.wiftreferencetoFIG.2,inthewi„dowfordeteo.inga.pa.temB for 
of the pattern B. the fm.ng to t™ on dae window or the window delay «me T2 is adjusted 
appropnate,yandthegap„easuringcircui.de.ec.swhe,her.he„ni.^pa..e.Ba^^^ 

"ake these patters ag„e wtth each „d,er is obtained is adopted as Are p,.per window delay toe 
T2. A=^'«"I'.a..mningtha.atoeperiodTAis needed to write thepattlA 
TO,.ni.ed«„n..eheadgapdis.ancei„.e_g.ac.pos:r^^^^ 
posthona. relationship shown in FIG. 2 by using the E,uahon 2 as follows 

TO. =T02.T1 .TA(d«lengthof.hepa.tenaA)-Tl -K (E,ua.io„2) 
He., (TG2 . Tl . TA, is a Un,e period needed by .he wri. head .o wri« fion, d,e reference 
pos t.ons.gnal A to the s«ng poin. of the pat«„ B. T. is a toe period needed at itZof 
«ad.ng a,e .eference position signal A to the top of the data sector fthe Z 
signals A and B shown in flG 1 have ft. • ■ 

° '™'"« <tae of reading), and T2 is flie 

measnredti™e;«riodtba.c„,.espondstod.e,engd.TAofd,epa..e™A.Flr,(T':?;;i,a 
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tod gap d,s.a„ce Loan be exp,«sed by me Equation 3 as follow. 



(Equation 3) 



zii T ^'™'""'""'"*'™^''''"-■-^'"<"^*■="^°-'>e«- 



10 mi, Afon-^offtewrinenda.awhentheti.n.gap^.edtatoheadgapdis.ance. 
compensated by .he gap co„p«.a«ng ei.ui. 24 based on «,e «n.e gap TG. mZlZl 
method described above is shown in ftp ^ m. . measured by the 

to..~ 

data seel. """"^ '° -d gate coineides with the top of the 

- r:L"rs.:;r:rE.:rr""^-"""^^^'-'--- 

«™ep...dig:::r;:re:^^^^^^^^ 

TG.co.„.pondi„gt„.he™easu,edheadgapdis,ancebecon,es,o„ge.2;~ 

menttonedabove. Defln,g.h.ti„egapasTGB.evenwhen.he,lga.r: ITir 
.ame t™.g as the head A having «.e nontina. head gap distance, as J,i„e I^bZ^ 

. ^ . ^^'^ a backward offset the tin,. 

penodT.duH„g*ohthepatte.nBisde..tedheeon,es,onge...a.u.th!:l!;:Toi 
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write gate is asserted becomes shorter th« ■ 

[0055] Thus, by measuring the values of the time eao TGI mrr. a- 

distance for each head «nH • correspondmg to the head gap 

measured Le r ~^^ 

measured time gap values as TGA TGRnrTrr u l . "giuine 
'0 o„ .he ™^e«o disk . 2dZ ! "'""^ ^' ^-=<»»«''" 

.5 Oatos. ''°°""*™"""""°«*"»P"f*e,„v™«„nasde<taedbya,e 
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